Purpose: We evaluated agreement between subjective and objective methods of cosmesis scoring in an accelerated partial breast irradiation (APBI) cohort.
scale [10, 11] . Objective methods include photographic assessment of baseline and the post-treatment photographs [12] . High inter-user and intra-user variability in the subjective assessment of cosmesis lead to the introduction of objective methods of cosmetic assessment. Initially, various aspects of breast cosmesis like the size, shape, symmetry, ptosis, and the location of nipple were studied individually [13, 14, 15, 16, 17, 18] . However recently, the BCCT.core software (Breast Cancer Conservative Treatment. Cosmetic results 3.1) is being increasingly used in the objective assessment of breast cosmesis because it provides a composite score of breast symmetry and also takes into account the colour and scar appearance [19] . The BCCT.core software utilizes seven breast asymmetry parameters to give an overall rating on a 4-point Likert scale ('excellent', 'good', 'fair', 'poor'). The parameters include breast retraction assessment (BRA), lower breast contour (LBC), upward nipple retraction (UNR), breast compliance evaluation (BCE), breast contour difference (BCD), breast area difference (BAD), and breast overlap difference (BOD) [20] . However, so far, no gold standard has been established, and most oncologists favour incorporation of both subjective and objective methods for assessment of cosmesis [21] .
In a prospective cross-sectional study, we evaluated the breast cosmesis after APBI delivery using interstitial brachytherapy by both subjective (assessment by radiation oncologist) and objective (BCCT.core 3.1) methods and correlated the subjective subdomains with the overall objective and subjective cosmetic scores. We also studied the correlation of various objective indices derived from BCCT.core with the subjective subdomains, as this has not been evaluated earlier. The results of this study help us understand the clinical relevance of these quantitative measures in the evaluation of breast cosmesis.
Material and methods
Seventy-eight patients who had undergone APBI with interstitial brachytherapy using multichannel nylon catheters were prospectively enrolled in this study. Breast conservation surgery with wide margins (> 5 mm) was performed by experienced breast surgeons. All surgeries were completed by open cavity technique and interstitial implant was done using freehand method. Patients underwent local treatment and appropriate systemic therapy from January 2015 to November 2016. Subsequently, patients were called for clinical evaluation every 6 months up to 5 years post-treatment and annually thereafter. APBI was performed either intraoperatively or postoperatively using nylon catheters (flexible implant nylon tubes, Kalyani Enterprises Inc.). 3-dimensional conformal treatment planning was completed with Oncentra treatment planning system (version 4.3; Nucletron, Elekta, Stockholm, Sweden). Tumor bed was delineated on planning CT images taking into account the seroma cavity, post-operative changes, and tumor bed clips. A margin of 1.0-1.5 cm was given to the tumor bed to delineate clinical target volume (CTV). The CTV was edited 5 mm from the skin and posteriorly from the chest wall. The details of the method of implant and dosimetry from our institute have been published earlier [22] . The dose prescribed to the CTV was 34 Gy in 10 fractions or 32 Gy in 8 fractions, delivered twice daily, 6 hours apart. Brachytherapy was initiated on the day of the implant in post-operative patients and after 3 days in the intraoperative group. A gap of 2-3 weeks was mandatory between the brachytherapy procedure and the first (intraop cases) or last (post-op cases) cycle of chemotherapy in order to prevent post-procedure complications.
The study lasted from January 2017 to June 2018, and it was conducted after institutional review board approval and a written informed consent obtained from all participants. Cosmesis was assessed for all patients in a one-time cross-sectional manner, between 18 to 36 months after completion of APBI. At the time of routine clinical follow-up, all patients underwent clinical examination and toxicity assessment in the outpatient clinic. Eligible patients were counselled regarding the study and patients who consented for the photographic assessment were accrued. Breast photographs were taken in standing position with arms overhead and by the side, using a 16-megapixel 4× optical zoom camera. Prior to obtaining the photographs, it was mandatory to put two marks on the patient's skin using a marker pen to serve as a reference scale for calculation of indices in the BCCT.core software. One mark was put on the sternal notch and the other 25 cm inferior from the sternal mark. The photographs were taken in a well-lit room from a distance of 1 meter. The user license agreement for the BCCT.core software was obtained from INESC Porto breast research group prior to the start of the study. All patients filled the EORTC QLQ C30 and BR23 quality of life forms and also scored their own cosmesis and satisfaction with breast conservation.
Subjective cosmesis assessment was evaluated by a single experienced radiation oncologist (RO) using the Harvard 4-point scale for overall cosmesis, with 'excellent', 'good', 'fair', and 'poor' scores. Individual subdomains affecting cosmesis were also assessed on a 4-point scale ('no difference', 'little difference', 'moderate difference', and 'large difference'), which included the breast size, shape, colour, scar appearance, shape of nipple-areola complex (NAC), and the location of the NAC.
All the 4-point scale, the variables were dichotomized to a 2-point scale for the purpose of improving agreement as has been described in the literature. 'Excellent' and 'good' cosmesis were clubbed together as a single group 'excellent/good' (EG), while 'fair' and 'poor' cosmesis were grouped in a single group as 'fair/poor' (FP). Similarly, the subjective subdomains were also dichotomized: subjective size, shape, colour, location of the NAC, and the shape of NAC were categorized as 'no difference/ small difference' vs. 'moderate difference/large difference', while the appearance of scar was categorized as 'very unobtrusive/visible but not affecting cosmesis' vs. 'visible and affecting cosmesis somewhat/visible and affecting cosmesis significantly'.
For statistical analysis, descriptive statistics were used to assess the overall subjective and objective scores as well as the patient rating of the cosmesis and satisfaction. Cohen's kappa statistics was used to determine the agreement between subjective and objective cosmesis, and between individual subjective parameters and overall subjective/objective cosmesis. One-way ANOVA was used to assess the agreement between individual indices (continuous variables) obtained from BCCT.core and the subjective subdomains (categorical variables).
The raw scores of various quality of life (QoL) parameters were converted into scale scores out of 100 using linear transformation for analysis as per guidelines from the EORTC [23] . The mean, median, and standard deviations of the functional and symptom scales were reported both for QLQ C30 and BR23. All the analysis was completed in SPSS, version 21.0 (IBM Corp. released 2012. IBM SPSS Statistics for Windows, version 21.0. Armonk, NY, IBM Corp.).
Results
The median age for the entire cohort was 51 years (range, 44-82 years). Sixty-six (84.6%) women were post-menopausal, while 12 (15.3%) were peri-menopausal/pre-menopausal. Ten (12.8%) patients had a history of diabetes mellitus, while 2 (2.5%) women had a history of chronic smoking. Tumor was located in upper outer quadrant (UOQ) in 27 (34.6%) patients, upper inner quadrant (UIQ) in 26 (33.3%), lower outer quadrant (LOQ) in 3 (3.8%), lower inner quadrant (LIQ) in 9 (11.5%), and centrally in 13 (16.6%) of patients.
The median volume of the CTV was 100.6 cc (range, 14-300 cc). The median number of tubes and planes was 20 and 3, respectively. The median coverage index (CI) for the tumor bed and CTV were 0.95 and 0.81, respectively. The median conformity index (COIN) and dose homogeneity index (DHI) were 0.71 and 0.70, respectively. The median time between start (post-op cases) or end (intraop cases) of brachytherapy and initiation of chemotherapy was 24 days (range, 21-41 days).
A total of 78 patients were enrolled and assessed. Overall cosmesis assessment by RO was EG for 53 patients and FP for 25 patients, whereas 54 EG and 24 FP for assessment by BCCT, as shown in Table 1 . The kappa agreement between RO assessment and objective assessment was 0.673 (95% CI: 0.495-0.850). Figure 1 shows patient's photographs for EG and FP cosmesis.
Sixty-six (84.6%) patients rated their cosmesis as EG and 12 (15.4%) patients rated their cosmesis as FP. Despite this, 77 (98.7%) patients were satisfied with the overall outcomes of brachytherapy. The kappa agreement between physician and patient scoring was 0.457 (95% CI: 0.240-0.674).
Among the subjective subdomains, the size of breast, shape of breast, location of NAC, shape of NAC, and the appearance of scar were correlated with objective and subjective cosmesis. Color of the breast was not analyzed for agreement, with overall cosmetic scores as 77 (98.7%) patients had no difference/small difference in the colour of skin (Table 2) . 
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The agreement of individual subject subdomains with the overall objective score is presented in Table 3, while  Table 4 shows the agreement tested using ANOVA between individual objective indices and individual subjective subdomains. The patient-reported outcomes from the analysis of QLQ C30 and BR23 are presented in Table 5 .
Discussion
The basic premise for breast conserving therapy is the superior cosmetic outcome as compared to mastectomy; which leads to a better quality of life and psycho-social well-being [24, 25] . The current study reports excellent/ good cosmetic outcomes in the majority of patients by all methods of cosmetic assessment. Various subjective and objective methods for cosmesis evaluation have been described in literature, but there is no consensus on standardization of these methods. Recently, many studies have shown that incorporation of both a subjective and objective method may give the best possible measure of patient's cosmetic outcomes [12, 21, 26] . A combined assessment, although desirable, would be time consuming and logistically challenging in busy setups, and as such may not be practical in everyday clinical practice.
Partial breast irradiation is an attractive treatment option for early breast cancer. However, randomized data with regards to quality of life, cosmesis, and toxicity of APBI is still limited. The RAPID trial reported inferior cosmetic outcomes of 3D-CRT-based APBI as compared to whole breast radiotherapy (WBRT) [27] . The authors attributed the inferior outcomes of 3D-CRT-based APBI to larger amount of normal tissue irradiated. However, more recently published IMPORT LOW and Florence trials have demonstrated non-inferior patient-reported outcomes and quality of life with IMRT-based APBI [28, 29] . Most of the available literature on APBI is with multichannel interstitial brachytherapy. The long term results of GEC-ESTRO phase III randomized trial of interstitial 
BRA -breast retraction assessment, NAC -nipple areola complex, UNR -upward nipple retraction, BCE -breast compliance evaluation, LBC -lower breast contour
brachytherapy APBI and WBRT was published in 2018 [30] . In addition to the fact that APBI was non-inferior to WBRT in terms of quality of life, the breast symptom score at baseline, 2 and 3 months follow-up was superior in APBI arm. All these randomized data suggest that APBI with modern techniques like IMRT or interstitial multichannel catheter results in excellent long-term quality of life and favorable toxicity profile. The assessment of cosmesis after breast cancer has evolved considerably over time. One of the earliest reports of cosmesis assessment was by Harris et al., which categorized the overall cosmesis as 'excellent', 'good', 'fair', and 'poor' [10] . It was subsequently expanded to include the appearance of surgical scar, breast size, breast shape, skin colour, the location of areola and nipple, and the shape of areola and nipple by Aaronson [25] . We used this scale in the current study and observed correlation of individual scale with the overall subjective and overall objective score. Such an assessment will be beneficial for the surgeon and radiation oncologist in the baseline patient selection and procedural planning for BCT incorporating interstitial brachytherapy-based APBI. In this study, we used the BCCT.core 3.1 software for objective assessment, as this is one of the tools that is freely available and has been previously validated [20, 31, 32] .
The overall cosmesis was EG for 53 out of 78 patients for subjective assessment (67.9%) and 54 out of 78 patients (69.2%) by objective criteria. This is in accordance with the other series reported in literature including one from our own institute [5, 21] . The overall agreement between the physician rating and the objective assessment was 85.8% with a kappa coefficient of 0.673 (95% CI: 0.453-0.850). However, the agreement of patient scoring and the objective scoring was lower (69.23%) with a much lower kappa of 0.161 (95% CI: 0.059-0.381). Corica et al. similarly reported an agreement rate between 66.7% to 85.1% for assessment by the doctor and BCCT.core, and 66.7% to 74.5% for assessment by patient and BCCT.core in the TARGIT-A cohort [31] . The kappa score for physician rating was much higher in the current study than that reported by Merie et al. in a large cohort of randomized patients evaluating the impact of breast boost on cos- metic outcome [21] . This is because in Merie et al. study, a direct patient-reporting was done, whereas in this study, the photographic rating was used.
The individual parameters that were significantly associated with both inferior subjective and objective outcomes were the size and shape of breast as well as the location of NAC. However, the kappa for location of the NAC showed moderate and consistent agreement with both subjective and objective score. The breast size and shape reflect the volume of tissue removed and the cavity size. In our study, the median cavity size was 98 cc (range, 14-270 cc). Several other authors have found this to be the most important factor for a good cosmesis for breast conserving therapy [8, 28, 33] . The size and shape of the breast may also be affected to a certain extent by radiation-induced late fibrosis. As such, a high tumor to breast ratio remains the most important factor affecting cosmesis, and minimizing the procedures should be considered [34] . Hence, it is important to restrict the volume of breast being irradiated to have good cosmetic outcomes post-APBI. Moreover, it is recommended to follow strict guidelines for ensuring good quality of implant [1, 35] . For assessment of software using BCCT.core, the markers are placed at the supra-sternal notch, with the reference point (25 cm below the supra-sternal notch) at the level of nipples bilaterally. Therefore, a higher weightage to the location of the NAC in objective assessment is expected. Many other studies have also affirmed that preservation of the NAC is an important factor that determines subjective satisfaction after surgery for breast cancer [36, 37] . Therefore, all efforts must be made to preserve the location and shape of the NAC in these early breast cancer women.
Each of the seven BCCT indices was correlated with the five subdomains of the subjective assessment, but only significant results are presented in Table 4 . It was observed that BCE and LBC were consistently in agreement with the breast size and shape as well as with the nipple location. In addition, the nipple location correlated strongly with UNR. Authors have not come across any study reporting such associations and probably, this is the first study reporting on these relations.
Scar appearance is of great importance for a woman as shown by Sneeuw et al. [36] . In our series, it was significant only for the subjective overall assessment. This can be attributed to the fact the weightage for scar appearance/prominence may be more in subjective cosmetic assessment as compared to objective scoring. We did not find any significant agreement of colour of the breast with the overall subjective or objective outcomes, although this has been a well-documented risk factor for poor cosmetic outcomes in many series. We attribute this fact to the small volume of breast irradiated in the APBI cohort, with 67 patients out of 78 having no difference in the colour of irradiated breast and 11 patients having only a small difference. On the other hand, external radiation comprising of the whole breast as well as boost is expected to cause pigment changes and an increase of the incidence of telangiectasias. Although such changes are not observed in breast brachytherapy, skin changes at the catheter entries and exit points can impact cosmesis. As the current study was cross sectional in design women who were at least 18 months post-brachytherapy, the skin changes at the catheter points were expected to subside.
Moreover, other factors like a high body mass index (BMI), diabetes mellitus, smoking, and the use of hormonal therapy/chemotherapy are known to adversely impact cosmesis after breast conserving therapy [14, 16, 17, 38, 39] . In the current cohort, the number of women with a history of smoking and diabetes was low (2.5% and 12.8%, respectively), as compared to the western population. Adjuvant hormonal therapy was given to 72 (92.3%) of women, while 42 (53.8%) received adjuvant chemotherapy. Adjuvant chemotherapy, which starts within 3 weeks of implant is known to have inferior cosmetic outcomes [40, 41] . In our study, all patients started adjuvant chemotherapy after 3 weeks of implant.
The TARGIT-A trial has reported a cosmetic outcome evaluated over 5 years using the 4-point Harris scale and BCCT.core, but authors have not reported the agreement between the subdomains of both subjective as well as objective methods, as presented in our study. A detailed record of the subjective assessment provided the opportunity to analyze and report these results. Hence, the study results add an important piece of information on the cosmetic evaluation methods for breast cancer.
The limitations of this study include limited sample size, cross-sectional design not allowing temporal evaluation, and lack of assessment by a group or panel. The authors agree that a cross-sectional one-time evaluation may not be the most accurate method for assessing cosmesis, as it can change considerably over time. We chose a one-time cross-sectional design as the primary aim of this study to correlate subjective and objective methods. A time point of 18-36 months post-implant was chosen, as this is the period where maximum late sequalae are likely to have an impact on cosmetic outcome. Moreover, patients are more compliant to follow-up in the early years following completion of treatment. We chose assessment by a single radiation oncologist (with experience in treating breast cancers for more than 10 years) as the method of subjective evaluation to reduce the inter-observer variability.
Conclusions
We conclude that there is a moderate agreement between subjective and objective methods of cosmesis assessment. Location of the NAC is the most important parameter that impacts cosmesis after brachytherapy along with the shape and size of the breast. Individual indices of objective assessment also correlate strongly with these three parameters.
